Cyclin-dependent kinase inhibitor 2A (p16 INK4a ) protein is a surrogate immunohistochemical marker of human papillomavirus infection in oropharynx squamous cell carcinoma (OPSCC). However, the effects of p16 INK4a in non-OPSCC require additional analysis. In addition, major gaps remain in the literature, including small volumes of data for China. Therefore, the present study evaluated the frequency of p16 INK4a positivity in patients with non-OPSCC in Southern China, and assessed its prognostic value. p16 INK4a expression status in patients with non-OPSCC was determined by immunohistochemistry. p16 INK4a -positive expression was defined as a strong and diffuse staining in ≥70% of the tumor cells. Then, the diagnostic value of p16 INK4a in predicting overall survival (OS) and disease-free survival (DFS) rate was determined. The positive rate of p16 INK4a was 26.3% in larynx cancer and 24.8% in oral cavity cancer. Multivariate analysis revealed that the protein status independently predicted improved OS rate, but not DFS rate (P=0.096). Comparing different disease stages, patients at an early stage with p16 INK4a -positive non-OPSCC exhibited improved DFS and OS rates compared with those exhibited by patients who were negative. The p16 INK4a -positive rate in patients with non-OPSCC was 25.1% [26.3% in Laryngeal squamous cell carcinoma (LSCC) and 24.8% in Oropharyngeal squamous cell carcinomas (OSCC)] in the present cohort from South China. The present study suggested that p16 INK4a expression in non-OPSCC predicts favorable clinical outcomes, particularly in early stage non-OPSCC and oral cancer.
Introduction
Head and neck squamous cell carcinoma (HNSCC) is the sixth most common type of cancer globally, with ~600,000 incident cases diagnosed per year (1) (2) (3) . It is well known that this carcinoma is primarily a loco-regional disease. Improved local control of HNSCC has been achieved over previous decades due to recent advances in multidisciplinary treatments, including the surgical approach, reconstruction techniques and adjuvant treatment modalities (2, 3) . However, HNSCC is characterized by high rates of recurrence or metastasis following initial treatment, with rates of 40-60% (4) . In consequence, the quality of life and life expectancy of patients with advanced HNSCC have not markedly improved over previous decades (2) .
Human papillomavirus (HPV) infection is one of the major risk factors for HNSCC (5) . Oropharynx squamous cell carcinoma (OPSCC) is most markedly associated with high-risk HPV infection (6) (7) (8) . HNSCCs of other sites, including the oral cavity (9) (10) (11) and larynx (12) (13) (14) (15) , also have been demonstrated to harbor the virus. HPV status in tumors may be determined by numerous assays, including HPV E6/E7 RNA expression detected by reverse transcription-quantitative polymerase chain reaction (RT-qPCR) and HPV DNA detection by in situ hybridization or PCR. Cyclin-dependent kinase inhibitor 2A (p16 INK4a ), a tumor-suppressor protein that is overexpressed in cells, is a surrogate immunohistochemical marker of oncogenic subtypes of HPV infection in the oropharynx (6, (16) (17) (18) . However, the immunohistochemical studies of p16 INK4a in non-oropharyngeal HNSCC have demonstrated variable results (13) (14) (15) (19) (20) (21) (22) (23) ; thus, the validity of p16 INK4a protein as a marker of HPV infection in non-OPSCC requires additional validation. Furthermore, patients who are positive for p16 INK4a have improved outcomes compared with those of patients with OPSCC who are negative for p16 INK4a (6, 17) . Compared with the significance of the data regarding HPV and OPSCC, the significance of HPV in HNSCC sites outside the oropharynx
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has not been established. Major gaps in the literature remain, including very little data for Asia, particularly China. Additionally, to the best of our knowledge, with the exception of a small number of studies investigating laryngeal cancer in Eastern China (24, 25) , there has been no analysis of p16 INK4a expression in Chinese patients in oral cavity cancer. The aim of the present study was to evaluate the frequency of p16 INK4a protein positive expression in patients with non-OPSCC in Southern China, and to assess its prognostic value.
Patients and methods
Patients and specimens. Patients with non-oropharyngeal HNSCC were treated at the Department of Head and Neck Surgery of Sun Yat-sen University Cancer Center (SYSUCC; Guangzhou, China) between January 2001 and December 2008, and were selected randomly and retrospectively by stratified sampling. The present study was approved by the Ethics Review Board of SYSUCC and written informed consent was provided by all patients. All activities were in accord with the 1964 Declaration of Helsinki. The oral cavity, glottis and supraglottic larynx cancer were defined as non-OPSCC. The inclusion criteria were as follows: i) Patients had undergone complete excision, with or without unilateral or bilateral neck dissection; ii) the diagnosis was confirmed by pathology; iii) pathologic samples and complete follow-up data were available. Patients with other concomitant organ disorders or malignant tumor types were excluded. A total of 183 eligible patients with non-OPSCC with a mean age of 54.3 years (range, 26-86 years) were included in the present study. Among these, females comprised 24.6% of the patients. No patients exhibited metastasis at the time of diagnosis (stage IVc), nor had they undergone chemotherapy and/or radiotherapy prior to surgery.
All patients had follow-up data through December 2015. Detailed information of the patients selected for analysis was reviewed. The tumors were restaged in accordance with the 2010 American Joint Committee on Cancer TNM Staging Manual (26) . To verify the histological diagnosis of non-OPSCC and adequacy of the tissue for analysis, the haematoxylin and eosin-stained (H&E) slides were reviewed by a pathologist. Sections were stained by a standard H&E staining method as follows: Sections were incubated for 60 sec at room temperature in filtered Mayer's haematoxylin solution, which is diluted by distilled water (1:20) . Subsequently, the sections were washed under running water for 10 min. Following incubation in 1% eosin solution for 15 sec at room temperature, the sections were washed quickly (5-10 sec) in water and dehydrated in ascending concentrations of ethanol (75, 85, 95 and 100%). Subsequently, xylene was used to clear and covered with slips. The representative formalin-fixed, paraffin-embedded block for each patient was obtained from the Pathology Department of SYSUCC.
Staining and evaluation. The 4-mm thick paraffin-embedded slices were dewaxed and rehydrated, and endogenous peroxidase activity was blocked with 0.3% H 2 O 2 . The slides were boiled in sodium citrate for 5 min at 95˚C and 20 min at 60˚C in a microwave for antigen retrieval. The primary mouse monoclonal antibody against human p16 INK4a (CINtec ® p16 INK4a Histology kit; clone E6H4, prediluted, MTM-Laboratories; Roche Diagnostics, Basel, Switzerland) was used for the detection of the protein p16 INK4a . Subsequently, the slides were incubated with a horseradish peroxidase-conjugated goat anti-mouse IgG secondary antibody (cat. no. 7076s; 1:2,000; Cell Signaling Technology, Inc., Danvers, MA, USA) at 37˚C for 30 min. Finally, stained slides were counterstained with 5% Mayer's haematoxylin solution at room temperature for 60 sec. All slides were interpreted by two pathologists in a double-blinded manner. Positive p16 INK4a expression was defined as a strong and diffuse nuclear and cytoplasmic staining in ≥70% of the tumor cells, as described previously (6, 21, 27) .
Statistical analysis. All data were analyzed with the SPSS 19.0 statistical software package (IBM Corp., Armonk, NY, USA). The results of analysis were presented as the mean ± standard error of the mean. The χ 2 test was used to assess the associations between p16 INK4a expression and other characteristics of patients. The disease-free survival (DFS) time was defined as the time between diagnosis and loco-regional recurrence or progression, distant metastasis. The overall survival (OS) time was calculated from the time of diagnosis to the date of mortality or the last follow-up visit. Survival was analyzed with Kaplan-Meier survival curves and univariate analysis. Multivariable hazard ratios were estimated using the Cox proportional hazards model. A two-sided P<0.05 was considered to indicate a statistically significant difference.
Results
Patient characteristics. The clinicopathological characteristics of the patients are summarized in Table I . The 183 eligible patients with stages I-IVb non-oropharyngeal cancer had a median age of 53 years (range, 26-86 years), and males comprised 75.4% of the patients, with 58.5% of all patients being current or former smokers. Of the 183 patients, 145 exhibited oral cancer types, 28 exhibited glottis and 10 were supraglottic larynx cancer types. Adjuvant treatment involving radiotherapy was administered to 45 (24.6%) patients. The median follow-up time was 95 months (range, 3-184 months). As of the last follow-up visit, 113 (61.7%) patients exhibited local or distant relapse events. Only 5 (2.7%) patients were lost to follow-up. The disease-specific mortality was 44.8% (82/183).
Overall, 46 patients (25.1%) were scored as p16 INK4a -positive, as defined by moderate or strong intensity staining in ≥70% of tumor cells ( Fig. 1) . The group of patients with larynx cancer exhibited the highest rate of p16 INK4a -positive staining (26.3%), followed by the oral cavity (24.8%). Negative p16 INK4a expression was significantly associated with recurrence or metastasis (66.4% vs. 47.8%; P= 0.025). No other significant clinicopathological differences were observed between the two groups (Table I) .
Survival outcomes based on p16 INK4a status. Survival outcomes based on p16 INK4a status in patients with non-OPSCC were examined. In the p16 INK4a -negative group, the 5-year OS and DFS rates were 57.7% and 38.6%, respectively. The p16 INK4a -postitive expression group exhibited markedly improved survival rates: The 5-year OS and DFS rates were 78.1% and 56.4%, respectively. Patients with p16 INK4a -positive expression exhibited improved DFS and OS rates compared with those with negative expression (Fig. 2) . Furthermore, male patients (P=0.037), who smoked tobacco (P=0.016) and alcohol (P=0.020), with poorly differentiated tumor types (P=0.018) and stage III or IV disease (P<0.001) exhibited a reduced OS rate, and patients with poorly differentiated tumor types (P=0.004) and advanced disease (P=0.002) exhibited a reduced DFS rate, compared with their counterparts (Table II) . Cox proportional hazards analysis revealed that p16 INK4a -negative independently predicted low OS rate (Table III; P=0.020) but not DFS rate (P=0.096).
The survival outcomes of p16 INK4a based on reclassifying by primary site (oral cavity or larynx) and stage (stage I/II or III/IV) were also examined. The patients with OSCC with p16 INK4a -positive expression exhibited significantly improved OS (Fig. 3A; P=0 .017) and DFS ( Fig. 3B; P=0 .036) rates, as determined by Kaplan-Meier survival curves. Additionally, patients with LSCC with positive p16 INK4a expression exhibited no significant difference in OS rate ( Fig. 3C ; P= 0.257), but significantly increased DFS rate ( Fig. 3D; P=0.029 ). Furthermore, significantly improved OS ( Fig. 4A ; P= 0.004) and DFS rates ( Fig. 4B; P=0 .018) were observed in patients with stage I/II tumor types with positive p16 INK4a expression. However, there were no significant differences in stage III/IV tumor types ( Fig. 4C and D exhibited increased DFS rates, compared with those who were p16 INK4a -negative ( Fig. 2B; P=0 .033), the statistical difference calculated by multivariate analysis between groups was not significant (Table III; RR=0.67; P=0.096).
Discussion
HPV E6/E7 RNA expression detected using RT-qPCR, the results of which indicate active viral gene transcription in a tumor, is considered to be the gold standard (16) . Although p16 INK4a protein is a reliable indicator of HPV infection in the oropharynx, the sensitivity and specificity of p16 INK4a in OSCC and LSCC has not been conclusively determined (14, 20, 22, 23, (28) (29) (30) (20, 22, 23, 25, 30) , and multiple factors contribute to this discrepancy, for example: Heterogeneous patient selection (geographical differences, tobacco and alcohol status of the patient or the number of cases); or the scoring system used for defining p16 INK4a as positive.
A debate exists with respect to the prognostic role of p16 INK4a in non-OPSCC. In the present study, the OS and DFS rates among all 183 patients with non-OPSCC were improved in p16 INK4a -positive patients compared with negative expression patients, although the multivariate survival analysis suggested that the difference between DFS rate was not statistically significant. The data from patients with non-OPSCC collected from RTOG studies concluded that, similar to the results in patients with OPSCC (6, 17, 31, 32) , patients with p16 INK4a -positive exhibit improved outcomes compared with those with p16 INK4a -negative non-OPSCC (21) . Nevertheless, other studies did not observe a significant correlation between p16 INK4a expression and improved outcomes (14, 22, 33) . These differences may be due to the small number of samples, different anatomic sites enrolled or tumor heterogeneity in each retrospective cohort. 
Overall survival rate
Disease-free survival rate Additional stratified analysis identified that patients who were p16 INK4a -positive with stage I/II tumor types or tumor types in oral cavity sites demonstrated significantly improved OS rate compared with patients who were negative expression. Patients who were p16 INK4a -positive in stage I/II or at larynx sites demonstrated markedly improved DFS rates compared with patients who were p16 INK4a -negative; and this observation may be of clinical importance. The treatment of an early stage tumor consists of surgery combined with radiotherapy (34, 35) . Nevertheless, the toxicities of these treatments may result in organ dysfunction and potentially treatment-associated mortalities (36, 37) . It is necessary to decrease the intensity of treatment for patients with favorable prognosis. However, no specific indicator for this subgroup was identified. In the present study, negative p16 INK4a status was considered as an indicator for a requirement for aggressive therapy in patients with stage I/II tumor types, to achieve survival benefit.
However, due to the small sample sizes (n=183), the prognostic role of p16 INK4a in LSCC demonstrated in the present study should be interpreted with caution. The present study aimed to detect the level of HPV DNA in the same set of samples, but the outcome was not conclusive as the DNA quality in the paraffin block was not adequate. Concomitantly, as a retrospective investigation, the present study is limited by the lack of large-scale screening.
The present study demonstrated an analysis of diagnostic tests, the diagnostic accuracy and prognostic relevance of p16 INK4a in patients from South China. It was identified that the p16 INK4a positive rate in patients with non-OPSCC was 25.1% (26.3% in LSCC and 24.8% in OSCC). It was suggested that p16 INK4a expression in patients with non-OPSCC predicted favorable clinical outcomes, particularly in OSCC and early stage non-OPSCC. If so, these patients with p16 INK4a -negative should receive more aggressive therapy and a closer follow-up. It is hoped that the design of forthcoming clinical trials in China, aimed at therapy in patients who are p16 INK4a -positive with non-OPSCC and perhaps aggressive therapy for patients who are p16 INK4a -negative, will be informed by these results.
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